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(54) OPTICAL WAVEGUIDE AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain practicable 
optical circuits integrated with waveguides of quartz 
glass and silicon on the same substrate by closely and 
serially connecting quartz glass optical waveguide parts 
having core part and clad parts both composed of quartz 
glass and silicon optical waveguide parts having the core 
parts comprising silicon and the clad parts comprising 
quartz glass, thereby forming the optical waveguides. 
SOLUTION: This optical waveguide is constituted by 
closely and serially connecting the quartz glass optical 
waveguide parts and the silicon optical waveguide parts 
on a silicon substrate 1 . The quartz glass optical 
waveguide parts comprise the rectangular cores 6, the 
lower dads 5 arranged on the bases of the cores 6 and 
the upper clads 7 arranged on the flanks and front 
surfaces of the cores 6. The cores 6 and the clads 5, 7 
are formed of the quartz glass. On the other hand, the 
silicon optical waveguide parts exist above silicon 
terrace structure parts. The cores 4 formed of the 
silicon consist of the rib structures in which the lower clad quartz systems are enclosed by the 
quartz glass layers 2 and the quartz glass 7 on the flanks and front surfaces of the cores 4. 
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[00023 

[fiascos^] rai»^5A««»aM6«fliii53ayfc 
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[00043 ia±cossiit*sr^l8$ii&5^*7x 
ft8ttftttttAl. 3//mi5j:tfl. 5 5 ,u mfcfcttS 
fiMIBfcPO. 1 dB/cmJJlTfc/h?<. 37 
5 -y H^H^flfeffi^jiAMc0fflJtt*3!>Si t*>^ 

WFlzti^X. «, ffi»A^T'& smart** 

ffiU ^y/vy*yrTMrO,+#^7-A*ft»fc& 
«•«=.!: 4 fc-*fc£*UdK;M ■vy-iiS.VftXj 
•y b U v^^ttSSU KxN?h'J» ?X3fc 

fWflftfiSifCV^ <W*tf. M.Okuno et al.. "Impr 
oved 8x8 integrated optical matrix switch using si 
lica-based planar lightwave circuits", J. Lightwav 
eTechnol., vol.12, pp. 1597-1606. 1994). 
[00053 -\fiu Jk& i/'J3 >Mttt&W5*M 

1 1/ y 3 ymt cvEmffimzm-z s o i mizmi ^ 
^V3>Kmmizm-?mm<%&itLx\.^ mt 

(f, U. Fischer et. al. ,"0.1dB/cm waveguide losses 
in single-mode SOI rib waveguides", IEEE Photon. T 
echnol. Lett., vol.8. PP.647-648. 19%) . 08^^ 
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ojiwr^tcis tr«±ios/ y 3 ym 3okw s-x 

f^df^;««lc«t01i<-r.?.. <Kfc, >y3y<!3 
h y V^?7 4 -XSfc<tt/X>y^y7'l:ffl^T 

tjpiL, yy3yx77"«3fcyy3yy yygp4j:o 
»jfe$iisyy»»»flBB*»)ai-4. itc. 
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a»*fflV>$*afctt*S&fci«Jrab* n s e cfWS 
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ti^zmmtisv 3yimmt&ffl-3ffi±.tzmk 
[ooii] z.tiavma&zmx-xzzix 

[00 12] 

[ mb el***- & fc*<o^ a ] urae s w * 

tc^H^7XT«)«SaS3ra5feJ:^7 y 
WfS5li^^7X3^aKa5t, ^yn^THSJSSix 
43TafcJ:tffi35^7XT^$ttl.^7-y F«£ 



[ooi3]$ hiz. miem&m<?>m&t:mi-?&yt 
mmww&mi. u) y»3ymt^%3k$7z 
mt^)avmt<nEmfrhmi8LZtihnmmzz> * v 

r5*«e«*»jftu (h)m&V3>T7xm. 
tss^^x Hffls^^^iSrmnevynyT^^* 

hspk? t^tfBi ltiuie^ y 3 7*«i§3P 
m'y xmt x <y f-y ? LXTB&jkn? *m%mm&u 

gg*^fi4 ± 3 t , ml S3 TWfcZi&fi 

yxmimsi-yv^yTyzmm^msm^iz^h-t 
®*u ME3Tm5^**'7^stiifEvy3v-r5 

t/X yf-y^;J:OMlLT. ^R#?Xjiaitt»ll 

( d ) «aBS^5^«sisw»»3r»<o±«Hia 
fe j: viWBy y 3 y3fe^s&aiw 3 rgpo±^jgjat± 

±M?7 v H 4 i t Sr#St t -t& . 

[ 0 0 1 4 ] *«WW6»taHi. SBUlOBA 

ttt535^5xfifa^$ii43r^i3J: 
t/^ 7 -y h*«5^*-r&5^^^7 X3^SSSPfc . v y 
3 yT««$il4 3 TSBfc iHPa^Jkt'vXXm^ix 

KSiss-w-r & y 3 >-3t*»a5t 0 . 

*«BII»*fiW,T5^t=K«fcSBK**lT^T fc J: < . t> 

m#z*?&ftrtt®ximztix»xi>*\,\ 
[0015]$^^, mttm&m>ffi&t:mi-tztz 

*7 xa t >- y 3 t co=«*^ hmtf&timmmz 

7 * YVV ?77 4 -JM&kV : X.-'/*yy*'{sr>X . 

is y 3 t >- y 3 y/f t y 

y3yr7^flBt«*»*L» (b) fifte^y 3 yr? 
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imi«>t«? 7 •■/ mm&tf7 xm t rmm& 

#?xmk$. *IWS3lc^i3«4J:dfc:, L*>tfiiie 

*olM3iifc£fWW* t lirE5' y 3 v f-^xfltjISPO 
BaiW3fc$L<fc*J:5fcJIUHWU ( c ) ffrKx 

y 3 yT7zm&u<7>miz}s^xmiT&? 7 * kjb 

mma ix v m B3 rwraawr? xm 
ax-V-miT®? 7 -v mG%£#7xm7 * h y y 

XJii:*»fe«aiafclWEi/y ayf-^mWfcaiBlfc 
U ( d ) frifin 7flFB36iWr?*Jifc itf 

wk ^ y 3 yf-5xflws»o«jji<»5^ y a>m*7* 
h\)vri7i -isfc iixx-y f-yfizi. y jni l 
t. 5l^^7^3t^WSP<7)3r8P*jit/^y3>3e 
*ttB*<037**iajcU ( e ) waraefoir^xjfc 

Siag&g&sD a TgPfc J: VWK i^y =? yTfeg&S&g&Z) 3 7 

a5^±a5jafflfc j:imieiaiicj:«^ 5 -y ttg&sx* 

*». (a) yo^ymk^mm'^xmky 
vnymk (OEM £>*M£ ft.* fMtt t: 7 * h y y ^ 

5&S#7yUI£ x 'J 3 y« tfrh%& xll a 

mvfr^Au ( b ) mn'V3yT7ztm®<o& 

±.m?>i/ ) )3>mZ7*Y-iJV7'77 < -Igfc £ tfX 

3t^*s&^3 rggSr^fiK l „ ( c ) mm? 7»*>»jR 

ZiVte 1 sVu>f-7Xlim®S:-&t&9ia#±.iZ. E£ 

i^5x#sra«iw>T»? ? >y HwraeRxr?xjBfc 

K37ffiS£&#7*«fc£. #HflfS(c£*>l4-* J: 3 

Tm%&#xm t mm § tottHNwrnes' y 3 

( d ) «ESeR^5^3K»««aw>3rWB3eR#5 
XW<Z7t \ VV777 <-XW6£lf^ v1-V7Z'K 

^T^m#7xmmu<7)?7UtBf8.L, ( e > 

«Era^5x3«»iwmBo3r»*» iWMB^y 3 
>3(fi»i!««03T««r«aj:3t:UT. ±95^7-yh' 

t y y n y3^SES§gPo±gp 7 5 K JB U 
( f ) S5ffi^y3>-x5^liJiSfi3Dra21tt5^TBUfE5 

7 y Hffl53W^5^*JJ:tf«l5raeR^9^3l6SI« 
KSB^iSSy- 5 >y KWB3eRXf?xJiS 7 * I- 'J y ^7 
7 < -JMti£V*-y*>7lz£r)m£LX . 



nw*#j*u (g) firegrate *isb**#?*# 
mmu^T&mfo^zwimjxcomtfmtM 
fry y 3 ymmm<r> 3 7S*«m«-* ^ y 3 y<r>m 

[0016] *JMHfcJ:Wf, S^*7^^RS8Si: 
x 'J 3 V3K*m#R-»^?«*S:h.4 L 

3^7x%mmxm& l . mv&asm &yv?y 
k y vaymwtomzimn?mifitti*< mmt 

lZkt)**imX'$)*). 7* bVV?77<i-JM 
lz£ ^?7&*mm-bZkfrhmiifa<r>m&* l um 

vxTmsLx-mtt h £ k mm t . $ <s>k . 

BJt iWf ^^Xf77.^#^88 ty'J3 ^3^« t 

5^ra^< mmi. xumstftk txh*<7>!smtfg& 

X'h l&BtX'h £StcjG tTSJfr^* 5 ^^**^ 
OT^^^^7 ^. 3 7<9JB*f * <ty«<x'j3yj:y 

fc. **BHo3ifiwaas<oi!iji^«, «aw>7* Nyy 

[0017] 
[ooi8]HS60iJi 

a 1 teWMite J: 4» 1 ^©T'S>43t#«ifSOfflit2r 
wt. x'J3>««l±lc^^^9x^j»?SS8a5tx 

y'J3 y^^MJi v y 3 y r 7 x«jtSP 9 <n 
±tffiS LT V ^4 . y'J3 3 T 4 1± v- "J 
3>f 9^«Bta9<0+(c»**itfcT«^ 7 -y 
&#7Xm2k. 3T4c0IBffil3«J:V±ffit»«Sfufe 
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3 V±mmU<7> 3 T 4 US V 4CIRMI& < ivO > 

[0019] 02 fcJJBWWBK^^***-. 4 

fr*>&*. iSiSMSK i 0 S" 'J 3 ycoiHfcJf < 4 fcfcffi 
S*XT5^1) S&K-taJtfci'yayJB 

c: a i/cawifc so 1 * b y -x 

±(c-RK< LT#*S*ufc. ±«Wt*a«»tt* 

4TSS77 y F53^#5*JB5 fcj^JtSRfcfcJ: 9^ 
fifth. Jfcfc, isV3>7-7X®m&9±.cr)TU77 y 

9*>iH«R*fci**-r6. kk, T»^9»Hraawr 

77« 5 tfy U a yr 7^«stgp 9 tpviE&ktf 

=7xm2<n&%bmwz%hio^-yi-'y?-th. & 

fc*S3T^S*#5***flWfcJ: OB**"*, lift 

535»xr5^aai««W)3r»6i:^y ?ymm.nw> 
»<03T34iojni<oji||#t®IBSfi^< . 7* h y y/ 

a TU 6 £x -y f - >y\z£ *) }gft Uctttci- y 3 y%m 
fcli, >-yn>-3tSjSE&g|5c7)3Tg|54$rx-yf-y/{c < k 

f-y^fcJ: 9^j£^4^#jSffl^fjre£>4. 
[00201 ±fS03i^S»6#»*^&fflv^TSes$^ 

5cm, it®#T$g* { 0. 75%, 3T6cD^-£#7x 
7*mu TSP^7-y K5^^*77.«5WMJf* J 2 0// 
m . _t*> 9 y -X® 7 0>Rg # 30jum, 

S/yay3iaWttMB<0^*#5cm. 3 T4 
5. 5jum. 3740S* ! 8//m, 3T4cOTSP<^>'y 
3y^57"J13<0KJ?**l. 5junu 53?&;#77JI2 



1. 5 5iumtC*J»ti«**WeL<:ti^. 53S»Xf 
77.3fe5i&85<0f5*K»&# 0 . 1 d B/c m , y 'J a y 
JBBRBoaWWc* 1 0 . 2 d B/ c m , ESSiWT. 
Tt^SStyyay^^JS^S^S^^O. 5 d BT' 
fey, *^BB^^S8wf8JtfcJ:^Sm^a* 5 5^ 
Ayzmmt is 'J 3 y3^feS8^m«L^3t«jSJf& 

[O02 1]H)5fiWI2 

13 3 K*5HB(: J: 431 2 ^fflrC£4ftg&R?>»it£: 

s-r . ^3k3kti7*.%mm$tt y y 3 y*««sssBo 
*>4#>\ ^^^x^jg^fcyy^y^l^ssgp 

WlSJfc 5 0 /i m£7)».8*5ftl. . .IOBIIW±_k*? 7 y 

[ 0 0 2 2 ] H4 fcjdE3Karaw^»a*tfe**i-. 4 

•f, yy3y««i^>f^yaAtcJ:0»^'f'ry$r 

tT^a^s siasjastcj:yyy3yc7)K'fbii 

#5X1) 2£»j£U $^fc-?-c7)±{i^y3yJi$-K 
ItT, Wl#T*SSOIfflKfcf«*4. -a 

tT#^it3t s o 1 7 * h- y y ^5 7 -f -igfc 

it/x-yf-y^ff-jT, >-y3y3K^g&gpi:=5:l,^ 
iSt^y 3 y-r 5xfltjtS59Sr^-fS. <J:t, z<7>y 

*7X3^ifeSSa5<OTa57 7 -y K53GR^9^« 5 1 3 

L*>tTSS7 7-yF5^**7X^5i:3T53im 
#7Xjg l 0 WHWSftfc^tHRW 'J 3 y^77« 
JM9^)IHiBSS«t*U<4&J:aKJIfi»a«»t4. <^ 
fc, vy3yx^7.1fJtgl59<y0lia5 < }:y±t$,|,^tJ 

**7Xjfl 0*J«J:irFgP^7>y h'5^*'7XJ15$:7 
* h 'J V^97 ■f-XSJsi^xyf-y^fcJ: OMfifcL 
TBJ«8*3ftfct* . Attic. - 7 * h y y ^7 7 4 -x 
etJitfxvf-y^KJ: 05^#7X^jSS&^3 
T6t>-y 3y3e^S&^3T4$-JnXL. ±g?^7 
■y h'53^#7X^7 ^^UI«l«StcJ; <0Bfifth. Z 
<r>%&. 5^#7X5t^«Ka5c03Tg|J6<7)}!)DXt^ 
'J 3 y3t^«KgP<03 r§54 ^jDIO)i*tC$lJRR{i^: 
<, 7^-hyy^77-f-XStfc^T|SI^fc:vX7S: 

#7XSiaas»<03T«|56^X yf-y7*fc«fc *)#«Lfc 
ttti^'J 3>^W««<03r«4*x^f-y^(cJ: y 

^BS,-t4^ffi. ttzit, yvnymmm^rm 

<r>ziT®6 z^v+yfizx *>Mfift h-nmtmmm 
vhh. 
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[0024] iiivwm&immzm^TwmztL 

cm, JtmftSgtfO. 7 5%, 3760^7X7 

m, ±«?5*K5^#9*«7<>)iWa«3 0*im. 
^yayft3£j^g8<7>£*#5cm, 374<0S?# 
5. 5jum. a74<7>l!#8jum. 374T8&73j'y 3 
y .X 5:771 3 1. 5;um, W$m#7Xm2<7) 

WO. 5j«m, SeR^5^3l»ttBffltyy3y 
3E#KH*M>IBI«8a«5 0 u mTJb->fc. ** 1 . 5 5 

&8&SR<9<£8HS** { 0. ldB/cm, ^Uayjfc** 
&&<vm%ffi£:&0 . 2dB/cm. 5&«#7*ftS 

wit y a yftmmvmmm&tf o . s d b -c* 

7*3fcaB£S&fc v ya y^iSS^m« 
SHW hlX^mX'hh Z 1 4«fflB Lfc . 
[00 2 5] HttM3 

0 5 J: SS5 3 a^<9ftfflmaHS^& 

«itfi»5&0? 2 "C* LfcH 3 tftftaEftffieoflfiti: R t T 
#> l y y a yft^&S&SB 
l7)ra^c:5 0^m^0»82^K^tT^> , ), rafig8fc{±Jg*f 

[0026] i/yay^l4»tc^5ryiiAlcJ: 

dish *y*fTfca*. is?fflssaat=«t o y y a y<o 
mxmiti&m.. ^^^conz^j^yms^m 

X . SifttT'&.g. SO I S^5:f^t-& . <Ktc, S O I 
mfclzy * hVVfJyi -Igfc.fctfx.yf-y^fcfr 

^ya>*SiSS&^t^r.&^{ii''Ja>7 : -7X 
«JtS5 9 . iJctc. 7 * h y V ^7 7 <f -IS 

Jtfx -y f-y/fcj: 0 x 'J a yftg&S&S?053 r 4 1 

S. *lc. arSP4**m$^vyayr5x 

arm? v v mwrntfyxm 5 1 a risefi*? 

x/Il 0££. ^iS^C^SJ:^:, L4»<>T« 
7 5 ••/ KJffSewr?** 5 k aTWE^tf?** 1 

0 1 0*Ji3*ufc£iMIWrt*$/ 'J 3 y-f ? AffiS.fr 9 <r> 

m®m2i:%i<%z£oizmmmt&. mz. y* 
v y y 7v y 4 -nmtiXx/^-vi-y^izx o^mm 

ti'yxmi iik&imUzZ m&tl . i^y a 
V^gRfiyzmstythWryy j-xm 

tiXX/Xv+yyizlimZth. ft&K. KSJktiy 

Tsmm&tyv a y%mm&m®izm-r*:f&m8 
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fc, ^^5xaT6t>-Uayar4coJS^£7)0 
[0027] *Hifi0l|^3K^K^^t^SJillJ!te0'J2 

tz&«. ±«* y vG%&#yzm7zi3im8 ea» 

mzmzmykftziimx'Z h . 

[0028] m^mmmij&zm^xmmzti 

m. itmtfj2m#0. 75%, ar6<7)^m^'7X7x< 
m, T&7y v H5^^'5Xll5^MJ¥* 5 2 0^m, 
±35? 7 -y K53l£#7 7 OR** 3 0 // m , i, V 
3y^Mi^cD£^#*5cm, 374c01§£#5. 5 
^m, 3T40i|@* i 8A<m, 374T8B?>yy ay* 5 
7* 3COKW* 5 1 . 5 m m, 5H^Xf5*l 2 OJK*^ 
0. 5^m. G^tfyXffi&M&ki'VzyXmm 
BW^)BBl8*»5 0ium-Cftofc. 55/zmt: 

O[eM»** { 0. ldB/cm, v-Uay^S»IK«0 
0 . 2 d B / c m , nE3y%#7 X%MmU 
t v y a yji^»?sai^«^«*{iiaPt8*^-eJ)«) 
J»^3. 4dBT'J>0, I31K8 ^SSf*#5^^7* 
t a yolB^ft 4«M^bttirc^»"f 4 - 1 K 
J:"5««SByS0. 8 4T«»**lfe. 
[0029] JSLhi •) , *«B^3K»S!feHW)flBtl3 «tlf 

wm-mktf^m&fiy xxmm t ^ y a y^^ss^ 

[OO3O3IISfi0ij4 • 

w&kvmyji.. m^zmmnmitt-t . ytm^ 

Mi-? y^N7 x y y^Wmztcr, X . 3KIUS&{±lHi 

14, y'jn y 3t^aas 1 3 t-^i«$ ^ r - 

K, fei^^iRh-^l 5«fc9fl|j£3ilTVv&. 3t 
ISIBO*«i5cmT*4. ME«il»(^ffi6«J:t^n& 

^liHttMi tmtThh. &mmti&t-? 1 5t±± 

SB^5-y Y15Z8iktfyAm7cO±.< l z7ul>£mMLXtt 
mitz. ZZX'li. &mm®t-9 l 5tCC r 

[0031 ] *!0tWfcJ:*#*-< •y^EJ&^X-^ y-J- 

JilHK 1MHz *WBT* «ot , *^(03e9tt 

[0032] 3KEI»t Ltv «/A7x y 

rT*lt$:fflv^^-f -yf-S-^Uc* 1 *, v-ywyiy 

ireft*. « fee. *mcommcomm&£v$!& 

^*/S^jS«3t[sISS. ffiitf^'f -y ^-Srv h y -y ? 
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***** o b ^ ? f v 'J 3 JBff 
WEfoWeaBS-t* t v ^ *0£.$:g*IS?6J»T'§ 3> £ 

[0033] JjLh. ^eHWCfct. 5^m^7X)i^SS 

m < Kan*;? 5 ^n^tta tea lt v ^ & . 

i?MZ'i>* mux. mffimm-&*j>^ pmma^®^ 
vhtummz-tt. ttc. y*h-?x7<,zm&tm 
^ y a ymm&nv&wvnwMizim-t zmtm*:* 

&. 

[0034] 

fc fr^mfifae&mrtiw i // miaTt * o , :B3S&# 
yytmmm<7mwiMcr>x.Mm 

[Hi ] *m£mie>Bi&z'*>i>?mffl&£t$^z. 

(a) mm. ( b ) 3Tfc»-jfc»rlB<0«fit, ( c ) £ 



[®2] *i6BBcom i mm?* &mm<mmim 
[03] *jra«»2<o^r**3iaia»fcus^T, 

(a) DBS. (b) artcj&ofcBfiKOfflJS, (c)5 

[04] *mi<m2<mm:hhmim<rm&}im 
[05 ] *wnvm3<nm®T'h&m&ffi<mmm; 

*. 

[06] *»WfcJ:**«IW*afflLfcje^-f 
[07 ] fi!*£7)5^^3X3^iaS&^fev^T, ( a ) 

mm. (b)WKsr»t*h.«istar»*.- 

[08] «*OS''j3V3BW»fc:*iVvC» (a) fit 

it, ( b ) t^mzzK?t^tmz%h, 

1 j/yavii 

2 ^m&fiyxm ( ^ u 3 yitfoi > 

3 yij3yX7/I 

4 x'j3yy -yygp (yijaynr) 

6 53?^7^.3T 

7 ±»^9-yHSBIWr5^JI 

8 IBM! 

9 vy3yx9XffiitgS 

10 375I^#7XI 

1 1 

12 ttgktfjxiemm 

13 ^yny^SWW 

14 7j|6ltt*S^2s 

15 *K*ltb-? 
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(10) ftBfl¥ 10-123341 



[04] [07] 




